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General Methods. T4 9, 66.0, 40.3, 33.9, 32.7, 28.8, 26.8, 24.5, 23 The plasmids used for expression of histone mutants were prepared by site-directed mutagenesis of the wild type H4 plasmid (pET3a-H4) using the QuickChange TM Site-Directed Mutagenesis Kit (Stratagene ® ). The primers used for PCR are listed below:
H4-K5C: Preparation of H4-R45C Azo . H4-R45C Azo was prepared following the same procedure as the preparation of H4-L22C Azo except that reaction time is 3 h. The retention time of H4-R45C Azo is 94 min.
Preparation of H4-K5C Azo . H4-K5C Azo was prepared following the same procedure as the preparation of H4-L22C Azo except that HPLC solvent gradient is 0-5-10-20-100 min, B%: 0-0-35-35-45. The retention time of H4-K5C Azo is 94 min.
Refolding of histone octamer. Mixtures of four histones, H2A, H2B, H3, modified H4, were refolded to functional histone octamers and purified by FPLC using a previously described protocol. 2
Reconstitution of nucleosome core particles. 3 Salmon sperm DNA (10 µg) and 5′-32 P-labeled 145 bp dsDNA (~ 1 pmol) were combined in a small siliconized tube in a final volume of 10 µL containing 2 M NaCl. The appropriate amount of histone octamer (also in 2 M NaCl) was added and the sample (total volume around 11-12 µL) was incubated at room temperature for 30 min. The temperature was then increased to 30 °C and the sample was incubated for an additional 30 min before beginning a series of dilutions using nucleosome buffer (10 mM HEPES, 1 mM EDTA, and 0.1 mM PMSF, pH 7.5, 30 °C).
Dilution # (volume of buffer added in µL, incubation time in min): 1 (12, 60); 2 (6, 60); 3 (6, 60); 4 (10, 30); 5 (10, 30); 6 (20, 30); 7 (50, 30); 8 (100, 30). After the final dilution (total volume ~225 µL), the sample was cooled to room temperature and any precipitate was pelleted via a brief (5 min General procedure for determining the 3′-end group of the 5′-fragment after DNA cleavage in NCPs. The NCP containing the internal 5'-32 P-G 75 labeled 5a ( Figure S3 ) was reconstituted by following the above procedure. The NCP solution (200 µL) was photolyzed (350 nm) as described above. Proteinase K (2 µL, 4 unit) was added to the sample and reacted at room temperature for 5 min.
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The sample was ethanol precipitated and analyzed by 12.5 % SDS PAGE. The band corresponding to a single strand break was excised from the gel and eluted overnight in 1 mL of elution buffer (0.2 M NaCl, 1 mM EDTA). The slurry was filtered using a polyprep-column (BioRad) and the sample was concentrated using an Amicon Ultra 10K centrifugal filter to around 300 µL, to which 1 µg of salmon sperm DNA was added, followed by ethanol precipitation (2 ×). The pellet was dissolved in 100 µL of 1 × CutSmart TM buffer (obtained from NEB, 50 mM potassium acetate, 20 mM Tris-acetate, 10 mM magnesium acetate, 100 µg/ml BSA, pH 7.9). HinP1I (1 µL, 10 U) was added and the mixture was incubated at 37 °C for 10 h. The reaction was stopped by heating at 65 °C for 20 min, followed by ethanol precipitation. The sample was analyzed by 20% denaturing PAGE.
For hydrazine treatment, hydrazine·HCl (pH 8.0) (0.1 M final concentration) was added after proteinase K treatment. The sample was precipitated by EtOH after standing at 25 °C for 1 h. The general procedure described above was then followed.
For N,N′-dimethylethylenediamine (0.1 M final concentration) plus 2-mercaptoethanol (50 mM final concentration) treatment, the photolyzed DNA (200 µL) was reacted after proteinase K treatment at 37 °C for 20 min, followed by ethanol precipitation. The general procedure described above was then followed.
General procedure for determining the 5′-end group of the 3′-fragment after DNA cleavage in NCPs. The NCP containing the internal 5'-32 P-T 86 labeled 5a ( Figure S3 ) was reconstituted by following the above procedure. The NCP solution (200 µL) was photolyzed (350 nm) and treated with proteinase K (2 µL, 4 units) as described above. The single strand break product was isolated as described above for the 3'-end group analysis. The pellet was dissolved in 100 µL of 1 × CutSmart TM buffer (obtained from NEB, 50 mM potassium acetate, 20 mM Tris-acetate, 10 mM magnesium acetate, 100 µg/ml BSA, pH 7.9). MseI (1 µL, 10 U) was added, followed by incubation at 37 °C for 2 h. The reaction was S8 stopped by heating at 65 °C for 20 min, followed by ethanol precipitation. The sample was analyzed by 20% denaturing PAGE.
General procedure for hydroxyl radical cleavage of DNA in NCPs. Nucleosome core particles prepared as described above were used directly in these experiments. NCP (80 µL) was mixed with 100 µL of 2 × oxidation buffer (20 mM NaCl, 20 mM sodium phosphate, pH 7.2, 2 mM sodium ascorbate, and 1 mM hydrogen peroxide). To initiate the reaction, 20 µL of Fe·EDTA solution (2 mM EDTA and 1 mM Fe(NH 4 ) 2 (SO 4 ) 2 ·6H 2 O) was added. The reaction proceeded at room temperature and 100 µl of aliquots were removed at 2 min and 5 min, and immediately quenched by adding 100 µL of phenol extraction solution (phenol:chloroform:isoamyl = 25:24:1, saturated with 10 mM Tris, pH 8.0, 1 mM EDTA). After vortexing, the aqueous layer was transferred to a clean tube and ethanol precipitated. The pellet was suspended in formamide loading buffer and analyzed by 8% denaturing PAGE.
Thermolysin digestion of modified H4. HPLC purified modified H4 (~ 1 nmol, 10 µg) and thermolysin (0.5 µg) were mixed in 50 µL buffer containing 50 mM NH 4 HCO 3 and 1 mM CaCl 2 . The reaction mixture was incubated at 37 °C for 3 h, quenched with TFA (final concentration: 1%). The sample was filtered (0.22 µm). The sample (10 µL) was analyzed by LC/ESI-MS/MS.
In-gel acetylation and trypsin digestion of modified H4.
Step 1, SDS analysis of modified histone.
HPLC purified modified H4 (~ 1 nmol, 10 µg) was analyzed by 15% SDS-PAGE. After staining and destaining with Coomassie blue solution, the H4 band (typically 10 × 3 × 1 mm) was excised from the gel, cut into small particles (around 1 mm 2 ) using a scalpel, and placed into a 0.5 mL siliconized tube.
Step 2, Destain gel pieces: The gel slab was shaken with water (200 µL) for 5 min at 25 °C. The supernatant was removed using a pipette. The washing step was repeated using 10 mM NH 4 HCO 3 (200 µL Incubate for 30 min at 37 °C. Remove the supernatant and wash the gel three times with water (200 µL).
Step 5. Repeat steps 3 and step 4.
Step 6 
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